PATENT 
8001-1190 



IN THE U.S. PATENT AND TRADEMARK OFFICE 

In re application of: Tatsuya USAMI 

Conf . : 

Appl. No.: NEW NON- PROVISIONAL 

Group : 

Filed: January 30, 2 004 

Examiner : 

Title: SEMICONDUCTOR DEVICE HAVING COPPER 

DAMASCENE INTERCONNECTION AND 

FABR I CAT I ONG METHOD THEREOF 



CLAIM TO PRIORITY 



Assistant Commissioner for Patents January 30, 2004 

P.O. Box 1450 

Alexandria, VA 22313-1450 
Sir : 

Applicant (s) herewith claim(s) the benefit of the 
priority filing date of the following application (s) for the 
above -entitled U.S. application under the provisions of 35 
U.S.C. § 119 and 37 C.F.R. § 1.55: 

Country Application No. Filed 

JAPAN 2003-024716 January 31, 2003 

JAPAN 2003-420838 December 18, 2003 

JAPAN 2003-420839 December 18, 2003 

Certified copy(ies) of the above-noted application (s) 
is (are) attached hereto. 

Respectfully submitted, 
YOUNG Sc THOMPSON 



Benoit Castel, Reg. No. 35,041 



745 South 23 rd Street 
Arlington, VA 22202 
BC/yr Telephone (703) 521-2297 



Attachment (s) : 3 Certified Copy(ies) 
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This is to certify that the annexed is a true copy of the following application as filed 
with this Office. 
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Date of Application: 
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Application Number: 

[ST. io/C] : [JP2003-024716] 

f ,. * A NECxuno^nft^tt 

Apphcant(s): 




mtiE#^- tiilEJrf 2003-31031 



mm 2003-024716 ^- v : 1/ 

[ficS*-^] 74112743 

[HI^#I^S] H01L 21/768 

[#§^#] 

IttErXfiJgBr] tt£JIIWUIIttlfr*JKETSffln 7 5 3«l NECxp 

[ftSlJ^-^-] 302062931 

[^%Xfi£f£] NECxl/nn^nft^tt 
[ftSA] 

[HcSU#-^] 100109313 

l^Xit^m til ^jf 
[WfS^] 03-3454-1111 

[Wttm^] 100085268 

iR&xit% J m mm 

[StS^-f-] 03-3454-1111 
[fiSlJ^] 100111637 

03-3454-1111 

l^ffi£?m^] 191928 

?3S] 21.000R 
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El® 1 

1 

[^SSft^*-^-] 0215753 
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d i xf± 2 i2«o##^e 0 

[I**]® 4 ] grffi v ^ >&ffc3fl:iRoS3?«j£j&* i o hct-%j^±, 3 5 
[W3t® 5 1 Huffi-> <; >i*MbMib§i<7) s i a* 2 2 m^%i^± 2 7 

&T\ C&2 0m = f-%&±.2 5mT-%^T, H^3 5J^T%J^±4 5 JK^JUHT 

n i i± *° - 9 * ^TMTkfitf b *° »; v n * ^ > jgs-e & 4 d t * mk b -f h if im. 

1.3, 4X(±5 0V^-rtL^l^|E«0^*^«o 
©iCCuMI^*, mrffiT a hluflBS i - H*g£*£ & o^tlt 

[»*^8] mist a NoMftftKan 5ST-%ia±-e*-6i t ^tft 

im^m 9 ] buist a n ossRiftft** 1 5 m=?-%&.± 4 0 ig^^-c* 

0] fries i -Hm&zb-Dmmm&fcmittfv yn^t>i 
> tkh ib ijv*v y odrt>i(7)v^f ti^i. 1 1 *mm. b-rz m^m 7 
9 <D^-ftifr 1 mmm^^m^-mwo 
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i 

> HI £ (i ^ - 7 * ^T-MzkfHb # «; v o * -9- > m "C * * - * #m t -r * ft * 
SI 0!S*cO#2gf«g o 

im^m 1 3 ] HtrfEv «; n >^ks<bm<7)a*^jg^ 1 o w : f-%J^±"c* 

[»*S 1 4 ] huIB v 'J n >^taffclftoa*»«^ 1 0 KC^%J3LL, 3 

im^m 1 5 ] Atria > 3 >Ritmim<D s 1^22 je^jbll 2 7 ^- 

1 7 ] mriB v 'J 3 ^^ba-ftiioa^aijs** 1 0 jor^%jjh±-c* 
[»*H 8] huIBv'j 3 ^^ba^oM^JS^i o^T-%m±, 3 
im&m 1 9 ] Huie v u 3 >mtmim<D s 1^22 jbct%&± 27^ 

%&T\ C^2 0IW^l±2 5J^T-%J^T> H^ s 3 5^T-%J^±4 5^T%m 
ltmm2 0] #S««XKS i -Hi(S^*-g-trj|ft»JR«:JSIR1--&xe 
pfSS i -Hjg^*^trtti»R«riinX-t*Xgi:, 
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3/ 



[m^M 2 2 1 tuffiT a NI^ISIS^ 1 5 W^%11± 4 0 JSKT^tMS 

[ii*^2 3] HfriEs i -Hm&z&ttmmmtffcmittfv isu**r>m 

MM 2 0 7^ 2 2 O^fti^ 1 ^Hofffl^f ©SS^fto 

[W^ 2 4 ] HuifiTfcm'ffc^ U v n ^JilW^MTfciftt* 0 'Jyn^t 

^2 3ia*o^s#««o*ji^So 

2 5 ] buKC u -a^)^^\ A U Ag, W, Mg, Bi, Zn, 
Pd, Cd, Au, Hg, Be, Pt, Zr, TU f/;liSnOf<4< 

2 6 ] huKC u ^mmt\ A K A g > W. Mg, Bi, Zn, 
Pd, C d. Au, Hg. Be, Pt, Zr, Ti, I /:(±S n(Of< ^< H 
-o££-trC u7n/fRt*5it Sr#«t1-«6j»*^ 1 6 TJjS 2 4 <Wf 

[0 0 0 1 ] 
[0 0 0 2] 
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l s i (Dm^m^mmit^mm^^mmLx^^o l s i otti 

it Y7>iSX?ZM/Mk-f2 > ZtX-'&i±.£'£x£f2o L^LI£ft^-^0. 2 

§ <?atL^^-cv^ 0 m^nmm^mit^m-t ^ l s i t-vs-^u&^t^ 

[0 0 0 3] 

^3. omr^Ji-e§^M<7) i ooTKlHt*"'; vn^-^>(ir;v5SE^-e(i» 

mTkmittf') yn^rt>-e^^L-0x (^^-^-Jr+h-r K\ : Ladder 0 

xide) (iS i-0#^^S i -H^^-g|5tc^o^co-t:\ IIIMtii $ it 

[0 0 0 4] 

^5. otov'j ^yRimmm^w^&^^mimfrtix^^o —m 

[0 0 0 5] 
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IE-fa <h&£ fc, ;ti^«i*^^fM^it^J6tiijl:Mt# 

[0 0 0 6] 

«0^2g#^mofSit^[lIM^#BSL-CI^-f a c Ell 4C^tJ:^ 

™#i5oi±i:y'j3>Mti (mrs i cm tnzm x*&z>mo<7> 

S i Cm 5 0 2 &3MS*lT*3»K ^^-h^T-MTK^fk^ U v n 
Sil?)L-O.xl5 0 3 /^M^tiT^&o -eolCtlOS i 0215 0 4 

ilOTa 15 0 5^M$tLTv^ 0 f 1 OC ul5 0 6 K<fc »j 

E*ft**^fiK$fL-cv^ 0 *mm(7)±.itzs<ii)TmmmT$>&mi<ns i cms o 

7, Z<n±.[Z^\m^2 <7)L-0 x!5 08, H20S iO2l5 0 9 rt^tl-r 
[0 0 0 7] 

ul 5 1 l«$titv^ 0 ^hK^(D±.\Z^(D\£T<D±.\Z^^T^m.mrC 
$>Z>m2<DS i C15 1 2, fO±i:|B]Ii:|3OL-0xl5 1 3, % 3 O S 

1 0 2 15 1 4^ti^tL^^tLTV^ 0 |^«U^2(7)K^lir B miil4 3 tC^- 
VT*9)\'b Lti3(OTal5 1 5, -eortffiKfc 3 (DC u!5 1 6j& s JFM$ 
tiX^&o ^(0%2(OWM^, i CM 5 1 7^ ? ^$tLTV^ 0 do 

o 

[0 0 0 8] 

f«0^2»^«OM^vi^ia 1 5^^EI1 8*#BSL-C^fa 0 

0nm-100 nmOlgcOiOOS i CI6 0 2 £ 7^9 X"7 C V D&HJ: 0 ff^ 
(ftLfco Mv>T, S l<7)L-Ox!6 0 3 OMT • ^«rff*v\ 1 5 0 nm- 
3 5 0 nmOii^iJi^oto ^0±U, |1 S i O2I6 0 4 ^5 0 nm- 

2 0 0 nm7'7XvCVDSC<t ^1L^: (0 15 (a) ) 0 

[0 0 0 9] 
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■» i 
<#] J 

^oftiiftUit^ ft/h-t^ o . l 4 M m u^;uo7* h »; y 7 -»f£ 
fflv^ RltMIt LTARCI6 0 5 ^i*ti:, ^-->^£*itc7 * h 
Uv7 f7^^ 6 0 6 £ffMLfc (EI 1 5 (b) ) 0 -?-ft£-77^tC Lf, AR 
CI6 0 5, ll^S 10 216 0 4, ffU<9L-OxJJg603 ^7nn*-,f 
>^77 7 £-^7^77*7 y ^ U iC16 0 2 ±tX h -y 7° 

[0 0 10] 

^^{it, f&OOS i CI6 0 2 £^L£o £ <b K**8fHI«t?£K «fc £&?#--e 
L^ 0 -Oli^ ?ft^*->£ffML*: (mi 5 (c) ) o 
[0011] 

XA'^gfCtmM Ar^t>CJ:I.RFX7f Ht^o/: 
i^'J7^ ?;K7)fjl 1 a §16 0 7 £ift3 0 nmML, 
<, Cuv-KI (l^M) ^1 0 0nmMLf:o ^CC ufeoiCt, 

0 nmftl/:o mM&T ~~ )\«\,ZX 2 0 0-4 0 0°C-<7'MJ££ 

£>I&o/t (El 1 6 (a) ) o 
[0 0 12] 

^C^^JVCMPffi^ffll\ m-VXW* ?)V*mi;Lfz (116 (b) ) 0 
>k\^, 7°7X-7CVDgf(:J: 0, 5 0-100 nmOf KOS 1CI6 10* 
fMLfjo M^T, |2OL-0xl611> $f>Htfl2©S i O2R6 1 2* 
MfcfcjftlRLfco f&l 01f7Bj&?>*:i6K7* h'J7^7<-gf*4t,K If 
T<7)/^-><5: LT^2(^ARC16 1 3 ±tcfil 2 <0 7 * h h"77^ 6 1 

4£fiML£ mi 6 (c) ) o 
[0 0 13] 

-£*i£v7*HL-t\ I2WARCI613, ^2<7)S i O2I6 1 2, I 
2OL-0xl6 1 1 Sr-X-y -f->7*L, f 1C0S 1CI6 1 0 ±t*x 7 ^7 h 7 
7°£-££ 0 ^f7'7X-7 7 7 v^^tCj: 19, 7* M/y7 h-77?£flj 
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it ■ i 

[0 0 14] 

z<r>&, tios i ci6 1 o£p&*u m i <omtmt omfcw4*a*» 

juy^Zft fcofc|fe£/*'J r * ^;VOf2©TaI6 15^1^)3 0 nmMU 
|t££«c:<h&<, Cuv-KI fla^nfr) ^10 0nmiiU: o *: 
Cu*o^;t, Sill 6 1 7 *ifr3 0 0 nmML^o <eof£, tt!S^T--;i/ 
i:t 2 o 0 - 4 o o t-eM^is r ^:>^;PCMPSf^fflK tfr 

\>m<D*9)V*®:$;Ltz (El 17 (a) ) o 
[0 0 15] 

7 7XvCVDitta 19, 5 0-100 nm(7)|20S i CM 6 1 8 
HML^o *fcv*-C\ |3(^)L-Oxi6 1 9, £<btcfil3<7>S i O 2 111 6 2 0 
fcJflfcfcJfcllLrt: (Ell 7 (b) ) o 
[0016] 

*<0fl*aMfcJtK, ft/hL/S = 0. 14/0. 1 4 ^ m U^;KD7 * h 'J V ^ 
7 7-f-St*:fflK |3©ARCI6 2 lt*f^ /^-->^$n/z^3 
O?* h 1/yX K77 6 2 2 ^f^LTt: (HI 8 (a) ) e 
[0 0 17] 

fii^^^tat, I3WARCI62 K ^3<^S iO2l6 2 0, f£ 3 
<7)L-Ox|6 1 9 $r "7 O □ ^/ — ^>^7TX ^"^tp J- y if 7^ VZ X f)"CX7 

mzmz^iz^E&zw^Ltzo 

[0 0 18] 

-e^m. ^liyfA'y^CT, |20S i CM 6 1 8£Bfc£L£o S^K^t 

Fiyfifr4o^i:/<'J T>< * ;K7)i 3 COT a!6 2 3 ^30 nmltL 
, K^^rfife* - < , Cuv- Fmzm l 0 0 nmffMU: 0 ^:Cufto§ 
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J •» 

KT> iI6 2 4 ^6 0 0 nmMLf:c -?"<7>flL »7--;H:t2 0 0 

±i:|3WS i C16 2 5^JS;$nTv^ 0 
[0 0 1 9] 

z.(D2mmmm*Mm-tz>i<z$)fzV)^ m 1 tm 2 <DmcMP & xz/^r cm 

o 

[0 0 2 0] 

, sio 2 i, s i cmco^-rtii.m.m^MLx^u y & tztt^hxh 
ho w.m^£<Q, mm$mm<7)±_g-$:i>fzhir 0 ttz, m^m<^mm^^^ 
1\ c u %m i> w. : mz x <o x vwmmit ztix-Lt^o m-m.m^ ± 0 

[002 1 ] 

, L-0xItA'J7 * 9 )V\ZT aZmmLtzm-ET. L-OxItTa«i 
LX^htztb, L-0 xlt^»\ Tatc^^tL, T a M^lfeil'fb U ^ 

^ i> jto \£ r & £<d c u mmtf-t-ftx i^v>ti/^ PpIh^* o tz 0 
[0022] 
[if.a £ mik-r & tz t> <D^m 
^mm$v±±.<D2^(Dmm*mi : k-?hi><nx$)Z>o t-r, mi ^mm^m-ik-r 
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tz s ^±fi:y'jn>ift^|:l (SiCNi) tfflv»0^ 0 COSiCN 
Blf±, Alcorn >y ^t^^r&fcai), T» V yn^^i ? 

OS i CNl^lt/Mli-©! UlilOat m%£U:T% ?f>ti©S L< 
lilOat m%J^± 3 5 a t m%*it?*SC t tW£ L < > £MC^O£L< 
(iS i CNMO^OflilOMc^S i &2 2 a t m°M±2 7 a t m%JiJlT\ Ctf 
2 0 a t m%J^Jl±2 5 a t m%WT\ Htf3 5 a t m%W±4 5 a t m%ttT« 

[0 0 2 3] 

l^«CCuKI^I±i:S i CNI^fflv^v^ 0 i CNMte. mM<V 

fu y tn-h^h tztb, TiCCu mU^&LX^fz tU^ C u itM^ 

mi±Z<n£ KlilOa.t m%J^±-C\ Sf>i:iOiL<lil 0a t m%M±3 
5 a t m%*ifr^^:U s tH L<> $<bt:iOiL<ttS i CNl(0f(7)t 
«M^S i ^2 2 a t m%&±2 7 a t m%^T\ C^2 0 a t m%J^±2 5 
a t m%JJJLT> H^3 5 a t m%J^±4 5 a t m%JaTOiEfflOjg|'C*&o ^2 

mmzmfei-&fz&i,zmmm%m£Lx, -t<%<ti>^ s i -Hi^^tr 

TaN±HTa^fi£Mt7tc7)*>HCu^^^n-Cv^/ii6, £«<7>It*M4 

lt(iC(7)JL<(i, 1 5 a t m%a±f\ $ L < it 1 5 a t m%m 

±, 4 0 a t m%*fi*-e**o 
[0 0 2 4] 

ttzS i -H^^^tf^Mf±7fc^b^'; yn^>i tzitfcmit* )V 1f ; 
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[0 0 2 5] 

mmmi o ucioos icnuo 2«$titis^ -e^tc^s^x 

mittf 1 ) yn^-9->t^^flOL-Oxil 0 3^ffM$tLTv^ 0 ^0±H 

HIOS iO 2 il0 4^M$titi/^ o -<7)SI1 coesm®ra*feiiJi^?fM^ 

ft^Sfil^Cfi/s-ij y * ?)Vt LTT all 06/TaNll 0 5 <Dmmm (± 
Wai, Ti^TaNI) ^fM$tvTV^ 0 fllfflUSI 1 <0 c ul 1 0 

CNIl 0 8. t<D±lzmmi l zm2(DL-0 xll 09, ^260S i02ll 1 
0^tL^tLfM$tiTV^ o 

[0 0 2 6] 

[HHHt-I tfTlrlUC/^'J T ^ ^ <h LTH2 a HI 1 12/TaNil 1 1, 
-eoi*]ffl^^2cOC uBIl 1 3tf ? ffM£*iT^£ 0 £<bK, ^-cO^TCOiH/^; 

TmwM-c$>2>m2<Ds iCNii i4. ^o^zmmizm 3 <d l - o x m 1 1 
5, H3os io 2 n 1 6^tL-enf^$tiTv^ 0 iwi^^^2 

^W^C^-'; ? )VtLXm3<DT al/T a Nl, ^<0|*llin;fjl 3 <7) C ul 
1 1 9 \z X VUWMi&ZiXX^ho fOi2«±i:, |3WS iCNflgl 

[0 0 2 7] 

^2<7)|life<7)f^m;^>^^go«ig^EI2 tc^-To ^l^IIOfit 
Oitv^ilfTJiWIfilSlllSrS i 0 2 *J*K L£ Z t X$>h Q U&<DT ATmm 

o 

[0 0 2 8] 

£<a¥##^«f±T«if&iJiI&2 0 l±i:»0OS i CNI2 0 2«M$*iT 
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I) > ^OXtc^MTMitft:^ , Jvn^t>-e^il<?)L-Oxl2 0 3 
i^O>-&o *-tf>±fc# 1 OS i O 2 M 2 0 4«M£*LT^& 0 
He*il»Mjft*lR^^iS$*LfeBB*l*tciiy'«'; 7^ LTT aI2 0 6/T 
aN!2 0 5«I (il^Tal, TI^TaNl) 7^J&$*lTV>& 0 
OPWlffl IOC u!2 0 7 Kcfc&fjl 1 <7)@£» ? fM$tLTV^ 0 ^<D%m<V±. 
K^V Tm%Wk'Z'$>Z>mi<7)S i CNB12 0 8, ^0±K|e];|f H|jl2 OS i O 2 
12 0 9 ^ffM$tLTV^ 0 IW^ctfTgRtc^U 7^ ? ;W i: LTi2 OT a!2 
11/Ta NB12 1 0. ^<D\HMK^ 2 O c u HI 2 12CJ;() ifT^J&^tiT 

[0 0 2 9] 

£ £>«OtfTO±^<j 7|giIf*^|2«S i CNI2 1 3. Z<D±K 
^IIi:^3(0L-0x 2 1 4, i O 2 I2 1 5 7^*i^*iBj££ tiT 

|5]^i^^2 0K^p B mifM4 I ^^" , ;T^^^i:LT^3 0TaM2 1 7 
/TaNl216, -e Oft tunc 31 3 OC uI2 1 8 *) SI 2 OSE«^J&£ tl 
tv^o -eofjl2 OKflLh^ ^3 OS i CNI2 1 9^J££*ITV>& 0 CO 

[0 0 3 01 

^3 0^MOf^O^##^®^[g3tc^-to Il<7)II<Olii:M^ 7* 
^.T^r-r v >(Dual Damascene) g£$§M*di££: oti/^ c -Olfjg^fflv^ d £ 

OCMP£&<-T.r£:^-C# b i: LT*#H«^CMPXeSrBU« 
t'^b^^i^3^F^J';F^o/: 0 - 0###£gffi{i, TJWft»ii3 
0 l±Ci0(OS 1CNI3 0 2 ^ft^tit^^ ^OXK;$TM7ttitft:* 0, J 
ynHVt*4|l<0L-0xI3 0 3 tiX\**& 0 ^0±HH 1 OS 

io 2 i3 0 4 $ tLT o ion <Dmm mmmm^m $ n^sm 

jt^fi/s'j 7^ LTTal3 0 6/TaN!3 0 5 Off H (±JBtf*T a 

I, Ti^TaNI) *M$nt^-5o 
[0 0 3 1 1 

^OFWcfjll C u!3 0 7 tcJ: DE*§W^£S*l-CV»*o I«| l cog^gO 
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it jf 

±i,zs^)7mm^$>z>mi<vs iCNi3os, -eoji^nwif^oL-o 

x!3 0 9, i2©SiO2l3 10«$titi/^o ^ hl t Z^<7)±l t zmm 
(Dx-y^-y 77. Y -y^- t LT, %2 COS i CNJH3 1 1 > ^ CO ±.\Z% 2 COWM. 
mWimkWkt LT|3OL-0xI3 l 2, f30S i 0 2 I3 l 3 7^J&£ti 
ti/^o ^loee^^coa^^^^^f^d H'Ti:^2(7)gS^(i--#i^oT 
H2c7)TaNflI3 1 A±.K^2 COT a Jjf 3 1 5, ^0|*lfiJtC^ 2 ul 
3 1 6 Ci ^@e»^J&£ftTi3 *K -e<7)^2«<7)±t:i3WS i CNI3 

mm £ n & 0 

[0 0 3 2J 

;;tii»IlfcLT, Cul^^i^;#\ AU Ag, W, Mg, B 
i, Zn, Pd, Cd, A u, Hg, Be. Pt, Zr, Ti, tfziiS nco-f 
<%< t o^r^-trC u7d^i^ffl^/:t^O(H^ C u =fc <9 Vl^tt^ 

^s^/^ c u 7u4Wk*m^*2>* * >^^ 0 

[0 0 3 3] 

>Mzm i o^Mo^o^^fioMit^^iii 4 — m 7 zmzLxmn-f 

ho h 7 9 ^-a-tf T/l#felf M 4 0 l_tH, 50nra-100nm<O 

WiOOS i CNH14 0 2 ^7 7XvC VD&Kcfc f)MLf: 0 Mv^T, £ 
l^L-OxI 4 0 3C0m^ • 'JM^T&V^ 1 5 0 nm- 3 5 0 nm^ll 
Z&Zft^fzo ^rC0±K, Ml COS iO2l4 0 4 *50nm-2 0 0 nm77 
X-7CVD^:± *)$LWkLtz (H4 (a) ) D *0«ii#±KR|*Bfritlg| t LT 
|1<7)ARCI4 0 SZmtVtzmz^ M'hL/S = 0. 14/0. 1 4 M m P 
^W7t h 7^*7 7^ -«£fflW^-~>^£tL7t:ij| 1 b VV7 

h~?77 4 0 6 Zfcf&Ltz (EI 4 (b) ) 0 
[0 0 3 4] 

tti%-?77 IZLX, ^1<7)ARC14 0 5, ^1 (OS i O 2 I4 0 4, f 
1<OL-Oxl4 0 3 ^7nn H -^y^H 7 £-^ffx. y ^ y 7 if 7 CJ;*), 

m>k^ y f- y r u loos ICNI4 0 2 _h-e^ h y r^/co -eofiL 
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t ji 

*#^*->&ffML£ (114 (c) ) o 
[0 0 3 5] 

>k\Z, X/S y fmmzTrifxmW, A r tyiZX&RFx-v^-Zftft^fz 
feK'iVT * ?)Wm 1 <?>T a NI4 0 7 ^10 nmML, fH 1 <7)Tal4 

0 8 *2 0 nmJfcRLfco - £ £ < , Cuv-Ki (H1^*B&) &*tJ 

1 0 0 nmfjSL^o >XiZ C u o § i!4 0 9 ^1^6 0 0 nmMLf: 
(15 (a)) 0 

[0 0 3 6] 

-e^tiL M^7--;n:t2 oo~4o or-cttJSfcjsci&ofco * 
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